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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 

I. INTRODUCTION 

This  r e p o r t  covers  t h e  pe r iod  from July 15, 1968 t o  October 15, 1968. 

The primary t a s k  of t h i s  program i s  t o  f a b r i c a t e ,  o p e r a t e  f o r  10,000 hours 

and e v a l u a t e  a T-111 Rankine System Corros ion  T e s t  Loop. M a t e r i a l s  f o r  

e v a l u a t i o n  i n c l u d e  t h e  containment a l l o y ,  T-111 (Ta-8W-ZHf) and t h e  

t u r b i n e  c a n d i d a t e  m a t e r i a l s  Mo-TZC and Cb-132M which a r e  l o c a t e d  i n  t h e  

t u r b i n e  s i m u l a t o r  of t h e  two-phase potassium c i r c u i t  of t h e  system. The  

loop  des ign  w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine System Cor ros ion  T e s t  

Loop; a two-phase, f o r c e d  convec t ion ,  potassium c o r r o s i o n  test loop  which 

has  been t e s t e d  under Con t rac t  NAS 3-2547. Lithium w i l l  be hea ted  t o  

2250°F by d i r e c t  r e s i s t a n c e  i n  a primary loop. Heat r e j e c t i o n  for conden- 

s a t i o n  i n  t h e  secondary potassium loop w i l l  be accomplished by r a d i a t i o n  

i n  a h igh  vacuum environment t o  t h e  water  cooled chamber. The compati- 

b i l i t y  of t h e  s e l e c t e d  m a t e r i a l s  w i l l  be eva lua ted  a t  c o n d i t i o n s  represent- 

a t i v e  of space  e l e c t r i c  power sys t em o p e r a t i n g  c o n d i t i o n s ,  namely: 

a .  

b. 

c .  

d. 

e. 

f .  

g .  

h. 

Bo i l ing  tempera ture ,  2050'F 

Superheat tempera ture ,  2150'F 

Condensing tempera ture ,  1400'F 

Subcooling tempera ture ,  lOOO'F 

Mass flow r a t e ,  40 l b / h r  

B o i l e r  e x i t  vapor v e l o c i t y ,  50 f t / s e c  

Average hea t  € l u x  i n  plug (0-18 i n c h e s ) ,  240 ,000  B'I'U/hr I ' t 2  

Average hea t  f l u x  i n  b o i l e r  (0-250 i n c h e s ) ,  23,000 B'rU/hr 1 L  2 

"'Hoffman, E. E.  & Holowach, J . ,  Cb-1Zr Rankine System Corros ion  Test 
Loop: Potassium Corros ion  Tes t  Loop Development Topica l  Report N o .  67, 
R66SD3016, General Electric Company, C i n c i n n a t i ,  Ohio, May 1, 1968. 



I n  a d d i t i o n  t o  t h e  primary program t a s k  c i t e d  above t h e  program 

a l s o  i n c l u d e s  c a p s u l e  t e s t i n g  t o  e v a l u a t e  advanced tantalum a l l o y s  of 

t h e  ASTAR 811 type  (Ta-8W-1Re-1Hf) i n  both  potassium and l i t h i u m .  

Also inc luded  i n  t h e  program i s  t h e  f a b r i c a t i o n ,  5000-hour o p e r a t i o n  

and e v a l u a t i o n  of a 2600°F, h igh  flow v e l o c i t y ,  pumped l i t h i u m  loop  de- 

s igned  t o  e v a l u a t e  t h e  c o m p a t i b i l i t y  of t h e  ASTAR 811 t y p e  a l l o y s ,  T-111, 

T-222, and t h e  tungs t en  a l l o y ,  W-25Re-30Mo. 

2 



11. SUMMARY 

Evaluation of the boiler material documented it f o r  re-use and the 

boiler was subsequently repaired and postweld annealed. 

A special welding chamber was installed on the T-111 Corrosion 

Loop facility and qualified for welding. 

The repaired boiler was reinstalled in the loop and postweld annealed. 

The loop is ready for reinstrumentation. 

Testing of three ASTAR alloy lithium thermal convection capsules 

was initiated. 

3 





111. PROGRAM STATUS 

A .  T-111 RANKINE SYSTEM CORROSION TEST LOOP 

1. Meta l lographic  Examination of t h e  C r a c k  i n  t he  0,375-inch 
Diameter T-111  Alloy B o i l e r  Tube 

The weld nugget s e c t i o n  of t h e  0.375-inch tube  b u t t  weld c o n t a i n i n g  

t h e  c rack  was removed from t h e  b o i l e r  and ground l o n g i t u d i n a l l y  up t o  

t h e  c rack  a r e a  i n  p r e p a r a t i o n  for meta l log raph ic  examination. The 

specimen was mounted i n  c l e a r  epoxy such t h a t  t h e  tube  could  be examined 

l o n g i t u d i n a l l y ,  t r a n s v e r s e  t o  t h e  c rack .  The specimen was Automet" ground 

on 600 g r i t  paper up t o  t h e  f i d u c i a l  marks which were placed on t h e  specimen 

be fo re  mounting t o  i n d i c a t e  t h e  l o c a t i o n  of t h e  c r a c k .  F i n a l  p o l i s h i n g  w a s  

accomplished us ing  s t anda rd  procedures .  

The c rack  was observed t o  be i n t e r g r a n u l a r  and, as shown i n  F i g u r e  

1 .  V i e w  AA, d id  no t  extend completely from t h e  OD t o  t h e  I D  of t h e  weld 

nugget. The specimen was subsequent ly  r epo l i shed  removing on ly  approxi- 

mately 0.002-inches from t h e  s u r f a c e .  The appearance of t h e  c rack  was 

s i m i l a r  a s  shown i n  V i e w  BB of F i g u r e  1 but  s h o r t e r  i n  dep th .  An addi- 

t i o n a l  p o l i s h  was performed removing 0.006-inches of m a t e r i a l  from t h e  

s u r f a c e .  The c rack  appearance a f t e r  t h i s  p o l i s h  was cons ide rab ly  d i f -  

f e r e n t  and not  a s  deep as observed p rev ious ly  a s  can be seen  i n  V i e w  CC 

(l)Advanced Ref rac to ry  Alloy Corros ion  Loop Program,  Qua r t c r l y  Progress  
Report No .  13 f o r  Per iod  k d i n g  J u l y  15, 1.968, NASA Con t rac t  NAS 3-6471. 

* 
Automatic Meta l lographic  P o l i s h i n g  Apparatus - B u e h l e r  L t d . ,  Evanston, Ill. 
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of F igu re  1. I t  became c l e a r  a t  t h i s  p o i n t  t h a t  t h e  o r i e n t a t i o n  of: t h e  

specimen i n  t h e  mount was such t h a t  t h e  e g r e s s  of t h e  crack a t  t h e  ID 

had been passed i n  t h e  i n i t i a l  p o l i s h i n g  s t e p .  I n  any event ,  examination 

of t h e  c rack  a t  h i g h e r  magn i f i ca t ions ,  performed between t h e  p o l i s h i n g  

s t e p s  p rev ious ly  desc r ibed ,  d i d  s u f f i c i e n t l y  i n d i c a t e  t h e  morphology of 

t h e  c rack .  

The c rack  d e v i a t e s  from a simple s h o r t e s t  pa th  r o u t e ,  and e n t i r e  

g r a i n s  a r e  d e l i n a t e d  by t h e  g r a i n  boundary s e p a r a t i o n ,  a s  can  be seen  

i n  F igu re  2 .  The appearance of g r a i n  boundary s e p a r a t i o n  sugges t s  some 

a c t i o n  01 t h e  l i t h i u m  which has  pene t r a t ed  i n t o  t h e  c r a c k .  The i n t e r -  

m i t t e n t  gaping of t h e  g r a i n  boundaries,  e s p e c i a l l y  off '  from t h e  main 

c rack  pa th  and a t  t h e  bottom of t h e  c rack  a s  shown i n  F igu re  2 ,  i s  s i m i -  

l a r  i n  appearance t o  l i t h i u m  c o r r o s i o n .  Such a mechanism i s  d i f f i c u l t  

t o  understand s i n c e  no c o r r o s i o n  by l i t h i u m  has  been observed i n  T-111 

having such a low oxygen c o n c e n t r a t i o n  (40 ppm). The r o l e  of l i t h i u m  

i n  t h e  r e s u l t i n g  me ta l log raph ic  s t r u c t u r e  i s  f u r t h e r  exempl i f ied  i n  t h e  

m i c r o s t r u c t u r e  a t  t h e  bottom of t h e  c rack  a s  shown i n  F igu re  3 .  The g r a i n  

boundary voids  i l l u s t r a t e d  a r e  d i f f i c u l t  t o  e x p l a i n  i n  t e r m s  of c r ack ing  

a lone .  The m i c r o s t r u c t u r e s  shown i n  F i g u r e s  2 and 3 a r e  of a r e a s  i n  t h e  

specimen below t h e  main c rack  pa th  a s  i n d i c a t e d  by t h e i r  appearance a s  

well a s  t h e  f a c t  t h e  c r a c k  d e p t h  i s  dec reas ing  wi th  each a d d i t i o n a l  p o l i s h .  

The fo l lowing  conc lus ions  have been de r ived  from t h e  me ta l log raph ic  

exaniina t i o n :  

(1) Although t h e  cause  of t h e  c r a c k  i s  no t  e v i d e n t ,  i t  i s  no t  

be l ieved  t o  be i n i t i a t e d  by a l k a l i  metal c o r r o s i o n .  

7 



Figure  2. I n t e r g r a n u l a r  Crack i n  t h e  Weld Nugget of t h e  0.375-Inch Diameter T-111 
B o i l e r  Tube Removed From t h e  T-111 Rankine System Corrosion Tes t  Loop. 
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Fi g u r e  3.  I n t e r g r a n u l a r  Crack i n  t h e  Weld Nugget of t h e  0.375-Inch Diameter T-111 
B o i l e r  Tube Removed From t h e  T-111 Rankine System Corrosion T e s t  Loop. 
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i n  Table  I .  No  major changes were noted a s  a r e s u l t  of t h e  test  exposure.  

I n t e r s t i t i a l  a n a l y s i s  of T-111 weld c o n t r o l  specimens welded b e f o r e  and 

a f t e r  t h e  welding of t h e  b o i l e r ,  a s  p a r t  of NSP S p e c i f i c a t i o n  03-0025-00-A 

"Welding of Columbium, Tantalum and T h e i r  Al loys  by t h e  I n e r t  G a s  Tungsten 

A r c  Process ,* '  i n d i c a t e d  no contaminat ion  occurred  du r ing  welding of t h e  

b o i l e r .  

Chemical a n a l y s i s  of t h e  p a r t i c u l a t e  ma t t e r  found i n  t h e  potassium 

d ra ined  from t h e  loop  i n d i c a t e d  c o n c e n t r a t i o n s  of Fe,  N i ,  C r ,  Mn. Tho 

p o s s i b i l i t y  of contaminat ion  of T-111 loop  m a t e r i a l s  by exposure t o  t h e  

p a r t i c u l a t e  m a t t e r  was checked by a n a l y s i s  f o r  t h e s e  elements.  Microprobe 

t r a v e r s e s  of t h e  T-111 0.375-inch d i ame te r  b o i l e r  t ube  showed no t r a c e s  

( 4~ 1000 ppm) of Fe, N i ,  C r ,  o r  Mn. Subsequently specimens of 0.375-inch 

tub ing  were p ick led ,  and t h e  a c i d  s o l u t i o n s  analyzed s p e c t r o g r a p h i c a l l y  

f o r  Fe, N i ,  and C r .  These r e s u l t s  a r e  g iven  i n  Table  11. The h i g h e r  i r o n  

and n i c k e l  c o n c e n t r a t i o n s  observed i n  t h e  f i r s t  a n a l y s i s  of t h e  b o i l e r  

m a t e r i a l  were no t  observed i n  t h e  subsequent a n a l y s i s .  Approximately 

0.001-inch t h i c k n e s s  of m a t e r i a l  was removed by each p i c k l i n g  o p e r a t i o n .  

The s l i g h t  i n c r e a s e  i n  i r o n  and n i c k e l  c o n c e n t r a t i o n s  i n  t h e  f irst  0.001- 

i n c h  of t h e  b o i l e r  t u b e  wa l l  i s  n o t  be l i eved  t o  be d e t r i m e n t a l .  

Based on t h e  r e s u l t s  of t h e  va r ious  e v a l u a t i o n s  c i t e d ,  r e p a i r  of t h e  

b o i l e r  was recommended, and drawings of t h e  mod i f i ca t ions  needed t o  r e -use  

t h e  b o i l e r  were prepared f o r  NASA approval .  

"'Advanced Ref rac to ry  Alloy Corros ion  Loop Program, Q u a r t e r l y  P rogres s  
Report N o .  13 f o r  Pe r iod  Ending J u l y  15, 1968, NASA Con t rac t  N A S  3-6474. 
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TABLE I .  

INTERSTITIAL ANALYSIS OF 0.375-INCH T-111 TUBE SPECIMENS 

Concent ra t ion ,  ppm 
As-Received Tubing Tubing Removed from Boiler 

41 (b)  

7 

1 

38 

40, 

7 ,  

1, 

43 , 

41 

6 

1 

62 

Vacuum Fusion Analys is  

(b )  Dup l i ca t e  A n a l y s i s  

Combustion Conductometric Analys is  

12 



TABLE 11. 

S P ~ T R ~ ~ P H I C  ANALYSIS OF 0.375-1 H T-111 TUBING 

Concentration i n  Acid P i c k l e  So lu t ion ,  (a) ppm 
F i r s t  P i c k l e  Second P i c k l e  

As Received Tubing Removed As Received Tubing Removed 
Element Tubing From B o i l e r  Tubing From Boiler 

Fe  38 102 35 < 20 

Ni 6 26 4 5  

Cr 17 22 < 10 < 10 

(a) Entire specimen pickled,  removing 0.001-inch th ickness  of 
mater ia l  from both I D  and OD per p i c k l e .  

13 



3. B o i l e r  Repai r  P lan  

On August 2 3 ,  1968 NASA approval  was rece ived  f o r  t h e  r e p a i r  and 

r e i n s t a l l a t i o n  of t h e  T-111 Corrosion Loop b o i l e r .  A number of modifi- 

c a t i o n s  to  t h e  b o i l e r  des ign  were requ i r ed  a s  shown schemat i ca l ly  i n  

F igu re  4 .  Since  one c o i l  was removed from t h e  b o i l e r  a n  a d d i t i o n a l  

l eng th  of T-111 one i n c h  d i ame te r  t ub ing  was added t o  t h e  top  of t h e  

b o i l e r  t o  achieve  a t o t a l  b o i l e r  he igh t  equal  t o  the  o r i g i n a l  b o i l e r  

f o r  c o r r e c t  f i t u p  du r ing  i n s t a l l a t i o n  i n t o  t h e  loop .  New f i t t i n g s  w e r e  

r equ i r ed  f o r  attachment t o  t h e  l i t h i u m  i n l e t  and o u t l e t  l i n e s .  During 

i n s t a l l a t i o n  of t h e  boiler t h e  l i t h i u m  l i n e s  p r e s e n t l y  on t h e  loop  w i l l  

be i n s e r t e d  i n t o  socke t  f i t t i n g s  t o  i n s u r e  c o r r e c t  a l ignment  du r ing  

welding. B u t t  welding i s  normally t h e  t echn ique  u t i l i z e d  fo r  j o i n i n g  

tub ing ;  however, because of t h e  l o c a t i o n  of t h e s e  welds and l i m i t e d  

access  dur ing  i n s t a l l a t i o n  of t h e  b o i l e r  i n t o  t h e  loop t h e  socket  weld 

approach was s e l e c t e d .  The main concern wi th  t h i s  t y p e  of weld j o i n t  

i s  t h e  p o s s i b i l i t y  of an open gap between t h e  socke t  f i t t i n g  111 and t h e  

OD of t h e  i n s e r t e d  tub ing .  A t r i a l  f i t t i n g  was machined wi th  a double 

socket  and weld experiments performed t o  deve lop  a t echn ique  t o  prevent 

t h i s  gap. The welded specimen i s  shown i n  F i g u r e  5 .  Subsequent rad io-  

g raph ic  and me ta l log raph ic  examination of t h i s  specimen i n d i c a t e d  f u l l  

p e n e t r a t i o n  welds wi th  no gaps were achieved when t h e  tub ing  w a s  i n s e r t e d  

i n  t h e  socke t  and p u l l e d  back s l i g h t l y  so t h e  bottom of t h e  t u b e  d i d  no t  

c o n t a c t  t h e  bottom of t h e  socke t .  The j o i n t  between t h e  0.375-inch i n n e r  

14 
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B e f o r e  Welding 

C o m p l e t e  Weld 
Pene trai ion 

Fus ion  w i t h  110 

C a p s  Between --., I 

A f t e r  Welding 

F igure  5. Socket Weld F i t t i n g  Specimen t o  Q u a l i f y  t h i s  J o i n t  Design for 
T-111 Corros ion  Loop Bo i l e r  Repai r  and R e i n s t a l l a t i o n .  (C68082846) 
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b o i l e r  t ube  and t h e  1-inch o u t e r  b o i l e r  tube  a t  t h e  t o p  of t h e  b o i l e r  

was a l s o  modified wi th  a new f i t t i n g  s i m i l a r  t o  t h a t  used a t  t h e  bottom 

of t h e  b o i l e r .  T h i s  b u t t  j o i n t  des ign  i s  p r e f e r r e d  o v e r  t h e  p rev ious ly  

employed tube  t o  header  j o i n t .  These des ign  mod i f i ca t ions  axe compared 

w i t h  t h e  o r i g i n a l  des ign  i n  F i g u r e  6.  

4 .  B o i l e r  Repai r  

The necessa ry  machined p a r t s  were r ece ived  and t h e  b o i l e r  r e p a i r  

welding was i n i t i a t e d  on August 29, 1968. Welding was performed i n  t h e  

VASCO welding chamber i n  t h e  NSP Systems Materials Technology Laboratory 

accord ing  t o  NSP S p e c i f i c a t i o n  03-0025-00-A, "Welding of Columbium, Tanta- 

lum, and T h e i r  A l l o y s  by t h e  Iner t  Gas Tungsten A r c  Process" (Appendix A). 

I n  t h e  i n i t i a l  welding s t e p  a new s e c t i o n  of 0.375-inch-diameter 

tub ing  was b u t t  welded t o  t h e  i n n e r  b o i l e r  tube .  Subsequent helium mass 

spec t rometer  l e a k  checking and r ad iog raph ic  i n s p e c t i o n  i n d i c a t e d  t h i s  

weld  to  be sound. Two s e c t i o n s  of 1-inch-diameter b o i l e r  t ube  were then  

nelded i n  p l a c e  a s  shown i n  F i g u r e  7. These p i e c e s  w e r e  o b t a i n e d  from 

t h e  b o i l e r  c o i l  which was removed dur ing  s e c t i o n i n g  of t h e  b o i l e r  

(F igu re  4 ) .  Following t h e  j o i n i n g  of t h e  new end l ' i t t i n g  t o  t h e  0.375-  

inch-diameter t ub ing  t h e  t h r e e  welds were i n s p e c t e d  by radiography and 

helium mass spec t rometer  l e a k  checking and found t o  he sound. The b o i l c r  

was completed wi th  t h e  a d d i t i o n  of t h e  l i t h i u m  i n l e t  € i t t i n g  and b o i l e r  

ex tens ion  p i e c e  a t  t h e  t o p  of t h e  b o i l e r  a s  shown i n  F i g u r e  8, and t h e  

a d d i t i o n  of' t h e  l i t h i u m  o u t l e t  f i t t i n g  a t  t h e  bottom of t h e  b o i l e r  a s  

17 



Top of t h e  Bo i l e r  

t t  
K 

Original Design 

T u b i n g  t o  
r A d j u s t  H e i g h t  

S0c:ka t Bottom of t h e  Bo i l e r  

Weld 

L i  

M o d i f i e d  Ijesign 
For B o i l e r  R e p a j r  

Figure 6 .  Joint Design a t  t h e  Ends of t h e  T-111 Corros ion  I,oop 1ioil.c-r. 
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New 
Pieces 

I d s  

Figure 7 .  Top of the T-111 Boiler Following Initial Repair Welds. 
(Orig. P68-9-3B - Inset P68-9-3B) 
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shown i n  F i g u r e  9. The b o i l e r  plug was r e a t t a c h e d  a t  t h i s  t i m e  b y  t ack  

welding t o  t h e  bottom b o i l e r  f i t t i n g .  

The r e p a i r e d  b o i l e r  i s  compared wi th  t h e  o r i g i n a l  b o i l e r  i n  F igu re  10. 

The removal of one c o i l  from t h e  b o i l e r  w i l l  r educe  i t s  t o t a l  l e n g t h  by 

approximately 27 i n c h e s ;  however, t h e  performance of t h e  r e p a i r e d  b o i l e r  

should b e  s i m i l a r  since t h e  o v e r a l l  l e n g t h  of  t h e  b o i l e r  i s  s t i l l  g r e a t e r  

than t h e  l e n g t h  r equ i r ed  t o  o b t a i n  t h e  s p e c i f i e d  supe rhea t  (100°F).  

A f i n a l  helium mass spec t rometer  l e a k  check was performed on t h e  

b o i l e r  t o  i n s u r e  no l e a k s  were p r e s e n t  between t h e  potassium and l i t h i u m  

c i r cu i t s .  N o  l e a k  i n d i c a t i o n s  were observed .  

5. Postweld Annealing of t h e  Boiler 

The r e p a i r e d  b o i l e r  was wrapped wi th  Cb-1Zr f o i l  a s  shown i n  F igu re  11 

i n  p r e p a r a t i o n  f o r  postweld annea l ing  a t  Union Carb ide  S t e l l i t e  Corpora t ion ,  

Kokomo, Indiana .  A g e n e r a l  d e s c r i p t i o n  of t h e  ABAR Model 90 f u r n a c e  

einployed f o r  t h i s  h e a t  treatment i s  g iven  i n  Tab le  111. This  chamber had 

been p rev ious ly  q u a l i f i e d  on August 28, 1968 and t h e  r e s u l t s  of t h i s  q u a l i -  

f i c a t i o n  a r e  g iven  i n  Table  I V .  

The postweld annea l  was performed s u c c e s s f u l l y  on September 10, 1968, 

accord ing  t o  NSP S p e c i f i c a t i o n  03-0037-00-A, "Postweld Vacuum Annealing of 

Cb-1Zr and T-111 A l loys . "  

1 x t o r r  a t  t empera tures  above 1000°F, and t h e  maximum p r e s s u r e  wi th  

t h e  b o i l e r  a t  2400°F was only  5 x 10 t o r r .  Ana lys i s  of "-111 coupons 

The chamber p r e s s u r e  was main ta ined  b c l o w  

-6 
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Following I n i t i a l  
F a b r i c a t i o n  

Following Repair  

Figure 10. T-111 Corrosion Loop B o i l e r .  (Orig. C67071832, P68-9-12H) 
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TABLE 111. 

GENERAL DESCRIPTION OF THE ABAR MODEL 90 FURNACE 
AT STELLITE UNION CARBIDE CORPORATION, KOKOMO, INDIANA 

Cold Wall Furnace 

Tantalum S t r i p  Heater  Elements 

Tantalum F o i l  R e f l e c t i v e  I n s u l a t i o n  

Load Zone Dimensions: 23-inches Diameter x 39-inches High 

Loading Method: Bottom loading  

JIaximum Temperature: 3200OF 

Cont ro l :  1 hea t ing  zone 

Pumping System : 

Mechanical: Kinney Model No.  KDH130, 131 c f m  

Di f fus ion:  16-inch CVC, 10,000 l i ters /sec 

Baf f l e :  CVC, Freon R e f r i g e r a t i o n  Cooled 

B e s t  Vacuum wi th  Furnace Loaded: 1.2 x t o r r  

Leakup Rate:  0.3 micron/hour maximum a f t e r  completion of run 

25 



TABLE I V .  

QUALIFICATION OF UNION CARBIDE ABAR FURNACE 
PERFORMED ON AUGUST 28, 1968 

Chemical Analysis  of 0.040-inch Thick Cb-1Zr Coupons 

Concentrat ion,  ppm 

Element Wrapped i n  Cb-1Zr F o i l  Unwrapped 

(a 1 A s -  R e c  ei ved Hea t Treated 

Nitrogen 21 25  14 

Oxygen 36 41 34 

Hydrogen 1 2 1 

Carbon 45, 57 44, 45 36, 44 

- _ _ ~  __ _ _ ~  - - -  - __ ~ ~ _ _ _  

( a )  1 hour a t  2500°F, maximum pres su re  2 x loH5 t o r r  

TABLE V.  

HEAT TREATMENT OF T-111 CORROSION LOOP BOILER 

Chemical Analysis  of 0.040-inch Thick T-111 Coupons 

Concentrat ion,  pprn 

Element Wrapped i n  Cb-1Zr F o i l  Unwrapped 

( a  1 As-Rec ei ved Hea t T r e a  t ed 

Nitrogen 9 9 9 

Oxygen 83 88 87 

Hydrogen 1 1 1 

Carbon 33, 35 25,32 23,36 

( a )  1 hour a t  2400°F, maximum pres su re  a t  2400°F 5 x torr, 
ABAR Model 90 fu rnace  Union Carb ide  S t e l l i t e  Corpora t ion ,  
Kokomo, Ind iana ,  September 10,  1968. 
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exposed a long  wi th  t h e  b o i l e r  a r e  compared wi th  t h a t  of as - rece ived  

m a t e r i a l  i n  Table  V and i n d i c a t e s  no s i g n i f i c a n t  contaminat ion  occurred  

du r ing  t h e  hea t  t r ea tmen t .  

The b o i l e r  w a s  a g a i n  helium mass spec t romete r  l e a k  checked i n c l u d i n g  

a c r o s s  the  c i r c u i t s ,  wi th  no i n d i c a t i o n s  observed. 

6. Welding Chamber f o r  t h e  I n s t a l l a t i o n  of t h e  B o i l e r  i n t o  t h e  
- LOOP 

Requirements to  r e i n s t a l l  t h e  b o i l e r  i n t o  t h e  loop  accord ing  t o  

NSP S p e c i f i c a t i o n  03-0025-00-A, "Welding of Columbium, Tantalum, and 

T h e i r  Al loys  by t h e  I n e r t  Gas Tungsten A r c  Process" (Appendix A )  neces- 

s i t a t e d  t h e  purchase of a s p e c i a l  welding chamber t o  h e  i n s t a l l e d  around 

t h e  loop  f o r  t h e  welding o p e r a t i o n s .  The s t a i n l e s s  s teel  welding chamber 

was purchased from Vacuum I n d u s t r i e s  I n c . ,  Somervi l le ,  Massachuse t t s .  

The chamber, shown d u r i n g  i n s t a l l a t i o n  on t h e  T-111 Corros ion  Loop test 

f a c i l i t y  i n  F igu res  12 and 13, i s  comprised of t w o  f l anged  spool s e c t i o n s  

f o u r  f e e t  i n  d iameter  and f o u r  f e e t  h igh  such  t h a t  each can be r o t a t e d  

independent ly  f o r  improved access  t o  weld l o c a t i o n s .  S i g h t  p o r t s  and 

g love  p o r t s  a r e  a p p r o p r i a t e l y  pos i t i oned  i n  t h e  a r e a s  where welding w i l l  

be performed a t  t h e  t o p  and bottom of t h e  b o i l e r  l o c a t i o n .  An independent ly  

pumped t o o l  po r t  i s  a l s o  provided such t h a t  necessary  t o o l s  cou ld  be 

brought i n t o  t h e  chamber wi thout  contaminat ing  t h e  chamber environment. 

The chamber i s  shown i n  F igu re  14 a f t e r  f i n a l  i n s t a l l a t i o n .  Rough 

pumping was accomplished wi th  t h e  260 l i t e r  per  second turbomolecular  

27 



Figure  1 2 .  I n s t a l l a t i o n  of  t h e  Welding Chamber Around t h e  T-111 Corrosion 
Loop. Lower Spoo l  P i e c e  i n  P o s i t i o n .  (C68090429) 

28 



Figure  13. Welding Chamber I n s t a l l e d  Around t h e  T-111 Corrosion Loop. 
The Chamber Cons i s t s  of Two Spools Which Can Be  Rotated 
Independent ly  f o r  Improved Access t o  Weld Locat ions .  
(C68090424) 
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Figure 14. Welding Chamber and Ancillary Instrumentation Installed on the 
T-111 Rankine System Corrosion Test Loop Facility. (P68-9-44C) 
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pump, and t h e  loop  f a c i l i t y  i o n  pumps w e r e  used t o  ach ieve  t h e  h igh  

vacuum ( c 1 x 10 t o r r )  c a l l e d  f o r  i n  t h e  welding s p e c i f i c a t i o n .  The 

chamber \\as b a c k f i l l e d  wi th  u l t r a - h i g h  p u r i t y  helium which was passed 

through a molecular  s i e v e  d r y e r  be fo re  e n t e r i n g  t h e  chamber. The i n e r t  

gas  a n a l y s i s  equipment inc luded  C.E.C .* and Panametrics 

and t h e  gas  chromatograph shown i n  F i g u r e  15. Gas l i n e s  a t t a c h e d  t o  t h e  

gas  chromatograph made a n a l y s i s  of t h e  i n l e t  gas  as w e l l  a s  o u t l e t  gas  

from t h e  chamber p o s s i b l e .  

-5  

** 
mois tu re  monitors 

Before welding of t h e  b o i l e r  could  be i n i t i a t e d  t h e  chamber and 

welding equipment had t o  be  q u a l i f i e d  acco rd ing  t o  S e c t i o n  4 . 3  of t h e  

forementioned welding s p e c i f i c a t i o n .  The chamber was q u a l i f i e d  for u s e  

011 September 21. 1968 and t h e  r e s u l t s  of t h a t  q u a l i f i c a t i o n  a r e  p re -  

s en ted  i n  Appendix B. 

7 .  I n s t a l l a t i o n  of t h e  B o i l e r  i n t o  t h e  Loop 

The b o i l e r  w a s  welded i n t o  t h e  loop  on September 2'7, 1968 a s  shown 

i n  F igu re  16.  Four welds were r e q u i r e d  t o  r e i n s t a l l  t h e  b o i l e r ;  two a t  

t h e  top  of t h e  b o i l e r  and two a t  t h e  bottom a s  shown i n  F igu res  17 and 18, 

r e s p e c t i v e l y .  Subsequent rad iographs  of t h e  welds i n d i c a t e d  a very small  

a r e a  i n  t h e  upper l i t h i u m  l i n e  weld of incomple te  p e n e t r a t i o n .  Although 

t h e  weld was a c c e p t a b l e  from a j o i n i n g  s t a n d p o i n t  a d e c i s i o n  was made t o  

reweld t h e  j o i n t  t o  improve r e l i a b i l i t y .  The chamber was reassembled on 

t h e  loop  f a c i l i t y  and welding completed on October 2 ,  1968. Subsequent 

mass spec t romete r  helium l e a k  checking and rad iography of t h e  welds 

* 
Model 26-303 Consol ida ted  Electrodynamics Corp., Cleve land ,  Ohio 

Model 1000 Panametrics Inc . ,  Waltham, Mass. 
** 



Figure  15. Gas Chromatograph Used t o  Analyze t h e  H e l i u m  Atmosphere i n  t h e  
Welding Chamber for t h e  Repair of t h e  T-111 Corrosion Loop. 
(P 68 - 9-44B) 
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Figure 16.  Repaired B o i l e r  I n s t a l l e d  i n t o  t h e  T-111 Corrosion LOOP. 
Arrows I n d i c a t e  I n s t a l l a t i o n  Welds. (P68-10-37B) 
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Figure 17. Top of Repaired Boiler After Installation in the T-111 Corrosion 
Loop. (P68-10-37A) 
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Figure  18. Bottom of Repaired Boiler A f t e r  I n s t a l l a t i o n  i n  t h e  T-111 
Corros ion  Loop. (P68-10-37C) 
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showed no i n d i c a t i o n s  of l e a k s  os weld d e f e c t s .  The upper spool p i e c e  

of t h e  chamber was removed and i n s t a l l a t i o n  of t h e  annea l ing  fu rnaces  

around the welds was i n i t i a t e d .  A t y p i c a l  annea l ing  fu rnace  i s  shown i n  

F igure  19 and i s  comprised of tantalum s h i e l d s  and s h e l l ,  alumina i n -  

s u l a t o r s ,  and tungs ten  wl e (0.050'' Dia.) elements .  The power f o r  

hea t ing  t h e  elements was suppl ied  from a s t anda rd  welding machine, one 

e l e c t r o d e  being t h e  welding t o r c h  and t h e  o t h e r  e l e c t r o d e  grounded. The 

welds were annealed f o r  1 hour a t  2400°F.  The chamber was opened on 

October 15, 1968 and subsequent mass spec t rometer  leak checking performed. 

No i n d i c a t i o n s  were noted inc lud ing  a l eak  check between t h e  potassium 

and l i t h i u m  c i r c u i t s .  

8. A lka l i  Metal P u r i f i c a t i o n  and Cont ro l  

As r epor t ed  previously") spec t rog raph ic  a n a l y s i s  of r e c e n t l y  hot  

t rapped and d i s t i l l e d  l i t h i u m  i n d i c a t e d  h ighe r  than  normal c o n c e n t r a t i o n s  

of i r o n ,  n i c k e l  and chromium, and a l s o  high concen t r a t ions  of aluminum 

and s i l i c o n .  I t  was conjec tured  t h a t  t h e  source  of t h e  i r o n ,  chromium 

and n i c k e l  was t h e  s i n t e r e d  s t a i n l e s s  steel  f i l t e r  through which t h e  

d i s t i l l e d  l i t h i u m  had been f i l t e r e d .  Consequently, t h i s  f i l t e r  was 

removed, samples being taken before  (No. 1831) and a f t e r  (No. 1887) i t s  

removal. The a n a l y t i c a l  r e su l t s  f o r  t h e s e  two samples a r e  shown i n  

Table  V I  a long  w i t h  t h e  r e s u l t s  f o r  prev ious  samples.  Samples 1806 and 

(l) Advanced Refrac tory  Alloy Corros ion  Loop Program, Q u a r t e r l y  Progress  
Report No. 13 f o r  Per iod Ending J u l y  15, 1968, NASA Con t rac t  NAS 3-6474. 
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TABU V I .  

ANALYSIS OF DISTILLED LITHIUM 

Concent ra t ion ,  ppm 
(a Sampled Through F i l t e r  

Sample N o .  

E l  ellien t 

1806 A 1806 B(" 
GE NSL'd' GE NS L 

0 
C 

y 

Ag 
A 1  
B 
Ba 
Be  
Ca 
C b  
co 
Cr 
c u  
F e  
K 
wg 
Mn 
h I 0  
x3 
N i  
Pb 
S i  
s 11. 
Sr 
T i  
v 
\v 
Zn 
Z r  

53,33 
88 

< 5  
125 
< 50 
6 75 

< 5  
25 

< 25 
c . 5  

25 
5 

< 5  

< 5  
< 5  
< 5  

< 75 
< 5  
4 75 

7 125 
< 25 

5 
c 25 

4 25 

____ 

ND 
185 

ND 
ND 

95 
ND 
ND 

280 
60 

120 
<: 50 
< 50 

ND 
ND 

< 50 
700 

< 100 
7 00 

ND 
< 50 

ND 
ND 
ND 
ND 
ND 

ND 
65 
ND 
ND 

50 
ND 
ND 

120 
< 5  
25 

T 
T 

ND 
ND 

T 
280 

ND 
600 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

1831 
GE NSL 
_pl__ 

( 5  
50 

< 75 
<25 
4 5  
< 5  
< 5  
< 5  
< 5  
25 

( 5  

c 5  
( 5  
< 5  
75 

6 5  
< 75 

r125 
< 25 

5 
1 5  

< 25 

< 25 

- 

ND 
165 

ND 
< 500 

35 
ND 
ND 

< 25 
< 5  

15 
< 500 
< 500 

ND 
ND 

c 500 
== 25 

ND 
275 

ND 
ND 
ND 
ND 
ND 
NII 
Nu 

67 

17,24 
5 
5 

< 50 
< 50 
< 5  
< 5  
< 25 

( 5  
( 5  

5 
25 

c 5  
-= 25 
< 5  
c 50 
< 5  

i 25 
25 

4 5  
4- ti 

< 25 

6 75 

< 2 5  

1887 
NSL 
_..___ 

GE 

ND 
4 25 

ND 
ND 
ND 
20 
ND 
ND 

< 25 
( 5  

20 

< 500 
ND 
ND 

4 500 
< 25 

ND 
< 25 

ND 
ND 
ND 
m 
N1) 
N U  
ND 

( a )  S in t e red  s t a i n l e s s  steel f i l t e r  

( b )  F i l t e r  removed 

(c) Separa t e  a l i q u o t  of l i t h ium used f o r  sample 1806 A 

(d) National  Spectrographic  Laboratory 
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1831 were both from t h e  same ba tch  of l i t h i u m  removed from t h e  s t i l l  

r e c e i v e r  through t h e  s t a i n l e s s  steel f i l t e r  and consequent ly  the  a n a l y t i c a l  

r e s u l t s  should be comparable. The r e s u l t s  a r e  s i m i l a r  w i t h  r e s p e c t  t o  

t h e  va lues  f o r  aluminum and s i l i c o n ;  but t h e  va lues  for i r o n ,  chromium 

and n i c k e l  are  much reduced i n  sample 1831. The removal of t h e  f i l t e r  

appears t o  have r e s u l t e d  i n  reducing  t h e  c o n c e n t r a t i o n s  of aluminum and 

s i l i c o n .  The c o n c e n t r a t i o n s  of m e t a l l i c  i m p u r i t i e s  i n  sample 1887 are 

s u f f i c i e n t l y  low t o  make i t  accep tab le  for use .  I n  s p i t e  of t h e  f a c t  

t h a t  the f i r s t  sample taken  wi thout  t h e  f i l t e r  w a s  of a c c e p t a b l e  p u r i t y ,  

a11 t h e  l i t h i u m  was r e t u r n e d  to  t h e  h o t  t r a p  f o r  r e d i s t i l l i n g  and sub- 

sequent a n a l y s i s  for m e t a l l i c  c o n s t i t u e n t s .  D i s t i l l a t i o n  of t h i s  l i t h i u m  

was completed and a sample taken .  The a n a l y s i s  of t h i s  sample ( N o .  1925) 

of t h e  r e d i s t i l l e d  l i t h i u m  i s  compared wi th  t h a t  of a s i m i l a r  sample  

taken  be fo re  r e d i s t i l l a t i o n  (No. 1887) i n  Table  VII. Both samples were 

t aken  wi thout  passage  through a f i l t e r .  One a d d i t i o n a l  sample was t aken  

from the r e c e i v e r  f o r  f i n a l  q u a l i f i c a t i o n  of t h e  p u r i f i c a t i o n  f a c i l i t y  

and procedure. Because of p r i o r  i n d i c a t i o n s  of p a r t i c u l a t e  matter i n  

d i s t i l l e d  l i t h i u m ,  h igh  p u r i t y  argon was admi t ted  t o  t h e  r e c e i v e r  

through t h e  d i p  l e g  i n  o r d e r  t o  a g i t a t e  t h e  l i t h i u m .  T h i s  t echn ique  

should produce a sample c o n t a i n i n g  p a r t i c u l a t e  m a t t e r  i f  any was p r e s e n t .  

The sample (No.  1986) was t aken  immediately a f t e r  a g i t a t i o n .  The a n a l y s i s  

( l)  Advanced Ref rac to ry  Alloy Corros ion  Loop Program, Q u a r t c r l y  Progress  
Report No. 13  f o r  Per iod  Ending J u l y  15, 1968, NASA Cont rac t  NAS 3-6474. 
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TABLE VI1 . 

ANALYSIS OF DISTILLED LITHIUM(a) 

Sample No. 

A n a l y t i c a l  Lab. 

Element 

0 
c 
N 
A g  
A 1  
B 
l3a 
Be 
c3 
Cb 
CO 
Cr 
C U  

Fe 
K 
Mg 
Mn 
hlo 
Na 
N i  
Pb 
S i  
Sn 
S r  
T i  
\? 

it' 
Zn 
Z r  

Concent ra t ion ,  ppm 
Lithium Returned t o  

I n i t i a l  D i s t i l l a t i o n  H o t  Trap  and R e d i s t i l l e d  

GE NSdb)  GE GE 

1925 1986(c) - 1887 

67 
17,24 

4 5  
5 

< 50 
< 50 
< 5  
< 5  
< 25 
e 5  
c 5  

5 
25 

< . 5  
c 25 
a 5  
i 50 
/ , 5  
4 75 
d. 25 
< 25 
4 5  

i 25 
6 5  

d 2 5  

ND 
4 25 

ND 
ND 
ND 
20 
ND 
ND 
25 

5 
20 

-c 500 
ND 
ND 

4 500 
4 25 
ND 

< 25 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

9 ,  10  

8, 9 
30, 55 

4.5 
4 5  

< 10 
.c 1 0  
c 5  
-=-5 

< 25 
i 5  

4.. 5 

'' (d) < 5-50 
4 5  
4 5  
c 50 

4 25 

60 
17,20 

4 5  
25 

4 50 

(d) 
< 5  
5-25 

5 

25 
25 
c 5 

4 50 
< 5  

4 25 
50 

< 25 

a 5  
c. 25 

8: 25 

( a )  Both samples t aken  wi thout  passage through a f i l t e r  

(b) Nat iona l  Spec t rographic  Laboratory 

( c )  Lithium i n  s t i l l  r e c e i v e r  a g i t a t e d  wi th  a r g o n  gas hel'ore 
sampling. 

(d) Dup l i ca t e  spectrograms made for t i n  and coppcr. 

40 



of t h i s  sample i s  shown i n  Table  V I I .  Although s l i g h t  i n c r e a s e s  i n  

c o n c e n t r a t i o n  of some i m p u r i t i e s  were noted i n  t h i s  sample ( N o .  1986) 

t h e s e  increases were no t  cons idered  t o  be s i g n i f i c a n t .  

Subsequently i t  was d iscovered  t h a t  du r ing  t h e  a g i t a t i o n  of t h e  

l i t h i u m  wi th  argon some l i t h i u m  was i n a d v e r t e n t l y  blown back i n t o  t h e  

vacuum manifold on t h e  l i t h i u m  p u r i f i c a t i o n  system. The vacuum manifold 

w i l l  be d isconnec ted  from t h e  receiver, c leaned ,  and r e i n s t a l l e d  b e f o r e  

d i s t i l l a t i o n  of l i t h i u m  f o r  t h e  loop  i s  i n i t i a t e d .  

The ho t  t r a p  was f i l l e d  wi th  28 pounds o f  l i t h i u m  from t h e  sh ipp ing  

c o n t a i n e r .  The l i t h i u m  w a s  purchased from Foote  Mineral  Co., Exton, Pa. 

The sample ob ta ined  du r ing  f i l l i n g  conta ined  278 ppm N. Add i t iona l  

a n a l y s i s  of t h i s  sample i s  be ing  obta ined  and w i l l  be r e p o r t e d  i n  t h e  

next  i n t e r i m  r e p o r t .  Subsequently t h e  ho t  t r a p  w a s  hea ted  t o  1500°F. 

The l i t h i u m  w i l l  be hot  t rapped  f o r  approximately 300 hours  a t  which 

t i m e  a d d i t i o n a l  a n a l y s i s  w i l l  be o b t a i n e d ,  

The potassium ho t  t r a p  was f i l l e d  wi th  39.5 pounds of potassium 

from t h e  sh ipp ing  c o n t a i n e r .  The potassium was purchased from Mine 

S a f e t y  Appliances Research Corpora t ion ,  C a l l e r y ,  Pennsylvania .  The ho t  

t r a p  was subsequent ly  hea ted  t o  1300°F and h e l d  a t  t h a t  tempera ture  I'or 

30 hours.  The potassium w a s  f u r t h e r  p u r i f i e d  by vacuum d i s t i l l a t i o n  a t  

600°F. The a n a l y s i s  of t h e  potassium a f t e r  d i s t i l l i n g  i s  compared w i t h  

t h a t  for t h e  as - rece ived  m a t e r i a l  i n  Table  V I I I .  The p u r i f i e d  potassium 



TABLE VI11 

AXALYYIS OF WI'ASSIUM 

E l  @Illell t 

0 
C 
A$ 
A 1  
B 
Ba 
Be 
Ca 
Ch 
CO 
Cr 
CU 
Fe 
hIg 
h l n  
Rlo 
Na 
Ni 
Pb 
Si 
s Xl 
S r  
Ti 
V 
Z r  

Concentration, Dnrn 

H o t  Trapped and 
Vacuum Di s ti 11 ed  As-Received 

23 
83 
d 2  

2 
30 

c: 30 
-=2  
e 2  
4 10 
< 2  
c 2  
e 2  
4 2  
4 2  
< 2  
4 2  

4 30 
4 2  
< 30 

2 
c 10 
< 2  
c 10 
4 10 
< 10 

6 
29 
4 2  
4 2  

< 20 
4 2 0  
1 2  
c 2  
4 10 
< 2  
c.2 
4-2 
< 2  
< 2  
4 2  
4 2  
i 20 

4 2  
4 10 
4.2 
c 10 
< 2  
< 10 
-c 10 
I; 10 

-- 
---_I 

- 
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w i l l  be s t o r e d  under argon a t  room tempera ture  u n t i l  t h e  loop  i s  ready 

f o r  f l u s h i n g  and f i l l i n g  wi th  a l k a l i  me ta l s .  

9 .  Lithium-Potassium S o l u b i l i t y  Study 

A s  prev ious ly  r e p o r t e d ( 2 )  examination of t h e  a l k a l i  me ta l s  dra ined  

from t h e  loop  i n d i c a t e d  l i t h i u m  i n  t h e  potassium and potassium i n  t h e  

l i t h i u n i  a s  a r e s u l t  of t h e  b o i l e r  l e a k .  P a r t i c u l a t e  matter was a l s o  

found i n  t h e  potassium. The p a r t i c l e s  and contaminated a l k a l i  m e t a l s  

w i l l  be removed from t h e  loop by r epea ted ly  f l u s h i n g  t h e  c i r c u i t s  w i th  

a l k a l i  me ta l s .  The success of c l e a n i n g  t h e  loop  i n  t h i s  manner i s  

dependent on t h e  mutual s o l u b i l i t i e s  of l i t h i u m  and potass ium a s  a 

f u n c t i o n  of tempera ture .  Limited da ta  i n  t h e  l i t e r a t u r e  i n d i c a t e s  t h e s e  

metals do no t  a l l o y .  ( 3 )  

t h e  m u t u a l  s o l u b i l i t i e s  of l i t h i u m  and potassium i n  t h e  tempera ture  range 

of 400'F t o  1200'F. 

Therefore ,  a s tudy  has  b e e n . i n i t i a t e d  t o  determine 

A schematic diagram of t h e  s o l u b i l i t y  appa ra tus  i s  shown i n  F igu re  

20. The appa ra tus  w i l l  be brought t o  a s p e c i f i c  t empera tu re  and h e l d  

f o r  a t  l e a s t  24 hours t o  a l low e q u i l i b r a t i o n  of t h e  a l k a l i  meta l  s o l u t i o n s ,  

Samples of l i t h i u m  and potassium w i l l  be taken  a t  t h e  t empera tu re  of 

i n t e r e s t ,  The e n t i r e  sample must be analyzed t o  de te rmine  t h e  t o t a l  

l i t h i u m  c o n c e n t r a t i o n  i n  potassium or potassium i n  l i t h i u m  s i n c e  t h e  

s o l u b i l i t y  w i l l  change du r ing  c o o l i n g  of t h e  samplu. A s p e c i a l  sampling 

(2)Advanced Ref rac to ry  Alloy Corros ion  Loop Program, Q u a r t e r l y  Progress  
Report No. 12 f o r  Pe r iod  Ending A p r i l  15, 1968, NASA Con t rac t  NAS 

(3)Hansen, hl .  , C o n s t i t u t i o n  of Binary Al loys ,  McGraw H i l l ,  N e w  York, 

3-6474, NASA-CR-72452. 

1958, page 875. 
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Insulation 

Figure 20. Lithium-Potassium Solubility Apparatus. 
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dev ice  w i l l  be employed to  accomplish t h i s  requi rement .  The sampler, 

shown i n  F i g u r e  21, w i l l  b e  f i l l e d  wi th  t h e  a l k a l i  meta l  and d r a i n e d  

l e a v i n g  t h e  r e p r e s e n t a t i v e  sample i n  t h e  c a v i t y  (approximately 7 cc 

volume) for subsequent a n a l y s i s .  

The a p p a r a t u s  has  been f i l l e d  wi th  equa l  volumes of l i t h i u m  and 

potassium which had been p rev ious ly  p u r i f i e d  by vacuum d i s t i l l a t i o n .  

S o l u b i l i t y  d a t a  w i l l  be ob ta ined  a t  600'F, SOO'F, 1000°F, and 1200'F 

du r ing  the next month. 

B. ADVANCED TANTAL A L u l Y  CAPSULE TESTS 

T e s t i n g  of two ASTAR 811C and one ASTAR 811CN l i t h i u m  thermal con- 

vec t ion  c a p s u l e s  was i n i t i a t e d .  The c a p s u l e  test f a c i l i t y  i s  shown i n  

F igu re  22 j u s t  b e f o r e  c l o s i n g  t h e  be l l  j a r .  A s  of October 15, 1968 t h e  

capsu le s  completed 230 hours  of t e s t i n g  a t  2400°F. The chamber p r e s s u r e  

a t  t h a t  t i m e  was 5 x lom7 t o r r .  

C.  2600'F LITHIUM ux)P 

F i n a l  assembly of t h e  2600'F Lithium Loop w i l l  be accomplished upon 

completion of t h e  l i t h i u m  h e a t e r  subassembly. Th i s  subassembly cannot  

be made u n t i l  t h e  t e n s i l e  and c o r r o s i o n  test specimens of t h e  ASTAR 

a l l o y s  are h e a t  t r e a t e d  a t  c o n d i t i o n s  t o  be  s p e c i f i e d  by t h e  NASA Program 

Manager. 
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To Vac-Argon System 

Valve 
B o r  C 

3/8" OD x 1/4" I D  Tubing, 
304 SS 

Valve 
D o r  E 

\ 

To A l k a l i  Metal Con ta ine r  

3/4" Sched. 10 P i p e  Cap, 
304 SS 

1" OD x 60 M i l  Wall 
Tubing, 304 SS 

Sample Cav i ty  

3/4" Sched. 10  P i p e  Cap, 
304 SS 

1/2" OD x 60 M i l  Wall 
Tubing, 304 SS 

3/8" OD x 1/4" I D  Tubing, 
304 SS 

Figure 21. Lithium-Potassium Solubility Study Sample r. 
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Ast ar h l l C \  As tar  811C 

V a  r i  a 11 
C h a m b e r  

F igure  22. Lithium Thermal Convection Capsule T e s t  F a c i l i t y .  Varian 18-Inch 
Diameter Chamber Capable of Cold Wall Vacuums of Less than  1 x lo-’ 
T o r r .  (P68-9-55) 
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IV. FUTURE PLANS 

A. Complete reinstrumentation of the T-111 Corrosion Loop. 

B. Complete the purification of alkali metals. 

C. Determine the mutual liquid solubilities of lithium and potassium 

as a function of temperature. 

D. Clean the loop circuits by flushing with alkali metals, 

E. Fill the loop and initiate operation. 

F. Continue advanced tantalum alloy capsule tests. 

49 





APPENDIX A 

NSP SDecif ication 03-0025-00-A Welding of C o l u m b i u m ,  T a n t a l u m  a 

and T h e i r  Alloys By t he  I n e r t  Gas Tungsten A r c  Process 
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Cincinnati, Ohio 45215 

I 

WELDING OF COE 
BY THE INERT GAS TUNGSTEN A 
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1. SCOPE 

1.1. Scope. This specification establishes the procedures, process 
quality requirements €or fusion we~din bium, tantalum, and thei 
inert gas shielded tungsten a~-weldin 6s. Reference to this E 
be made on engineering drawl icable. Information or 
drawings supersede this specification, 

2. APPLICABLE S 

2.1. Government Documents. None 

2.2. Non-Government Documents 

ASTM B297-55T 
(1955) 

ASTM E142-64 
(1964) 

ASTM E94-62T 
(1962) 

AWS A2.0-58 
(1958) 

AWS A3.0-61 
(1961) 

SPPS 03-0010-006: 
(1965) 

SPPS 03-0015-00-A 
(1964) 

Tentative Specification for Tun 
Arc-Welding Electrodes ( 

Controlling Quality of Radio 
Testing 

Tentative Recommended 
raphic Testin 

Standard Weldin 
(American Welding Society) 

AWS Definitions - Welding and Cutti 
(American Welding Society) 

Chemical Cleaning of Columbium, 
ntalum, and Their Alloys 

Arc Weld Groove Designs for Auste 
Stainless Steels, L-605, Columbium, 
and Tantalum Alloys. 

3 .  REQUIREMENTS 

3.1. Materials 

3.1.1. Inert Gases. Inert ases shall be helium or argon which contain less than 1 ppm 
each oxygen and water vapor by volume. 

3.1.2. Electrodes. Tungsten lectrodes, class EWTh-2, shall conform to ASTM Desi 
B297-55TJ "Tungsten Arc-Weldin Electrodes". 

3.1.3. Filler Wire. Welding filler material composition shall conform to the ~ h ~ m ~ ~ a l  
requirements for the base metal, unless otherwise specified. 

3.2, Equipment 

3.2.1. Welding Machine. A direct current, arc-welding machine shall be used. 



t o  less than  1 x torr .  The l e a k  ra te  s h a l l  r e s u l t  i n  a p r e s s u r e  i n c r e a s e  of no t  
more than  5 microns/hour s t a r t i n g  a t  z x 10-3 t o r r  p r e s s u r e  or les . 
be equipped w i t h  g love  p o r t s  and 0.0 Q-inch t h i c k  neoprene rubbe r  l o v e s  t h a t  are sea l ed  
g a s - t i g h t  t o  t h e  p o r t s .  The g loves  s h a l l  be s u l p h u r  free t y p e  and s h a l l  be q u a l i f i e d  
p e r  paragraph 4 . 3 . 2 .  

The chamber s h a l l  

3 .2 .3 .  Welding Torch. The welding t o r c h  o r  head s h a l l  be gas  or water coo led .  e 
wa te r  passage o f  a water-cooled t o r c h  or head s h a l l  be permanently s e a l e d .  Cable and 
hose  connec t ions  s h a l l  be vacuum t i  

3.3.  Cleaning  and Handling 

3 . 3 . 1 .  Components. The f i l l e r  w i r e  and p a r t s  t o  be j o i n e d  s h a l l  be chemica l ly  c leaned  
i n  accordance wi th  S p e c i f i c a t i o n  S 
Tantalum, and T h e i r  Alloys" .  

S 03-00lO--t2, "Chemical C lean ing  of Columbium, 

3 .3 .2 .  Assemblies.  I f  i n t e rmed ia t e  p rocess ing  h a s  n o t  maintained t h e  c l e a n l i n e s s  of 
S p e c i f i c a t i o n s  SPPS 03-0010-00-€, t h e  me ta l  a d j a c e n t  (nominally 4 i nches  on  each  s i d e  
o f  t he  , j o i n t )  t o  t h e  w e l d  s h a l l  be rec leaned  p e r  SPPS 03-0010-00-C. 

3 . 3 . 3 .  Handl ing.  P a r t s ,  components, and a s sembl i e s  s h a l l  be handled a s  shown on t h e  
eng inee r ing  drawing or a p p l i c a b l e  s p e c i f i c a t i o n .  
and components s h a l l  be handled w i t h  c l e a n ,  l i n t - f r e e  g loves .  

I f  no s p e c i f i c a t i o n  i s  denoted ,  p a r t s  

3 . 3 . 4 .  Metal Vapors. Depos i t s  of metal vapors  produced by t h e  weld ing  p r o c e s s  s h a l l  
no t  be cons idered  de t r imen ta l  or s u b j e c t  t o  c l e a n l i n e s s  requi rements .  These f i l m s ,  
however, may be removed by wire brushing  wi th  r e f r a c t o r y  metal brushes .  

3 .4 .  J o i n t  P r e p a r a t i o n s  

3 . 4 . 1 .  Design. The edges of  t h e  p a r t s  s h a l l  be prepared  for  weld ing  by machining or 
f i l i n g  a s  shown on t h e  eng inee r ing  drawing, i f  a p p l i c a b l e ;  or i n  accordance  w i t h  
S p e c i f i c a t i o n  SPPS 03-0015-00-A, " A r c  Weld Groove Designs €or A u s t e n i t i c  S t a i n l e s s  
S t e e l s ,  L-605, Columb'ium, and Tantalum Alloys".  

3 - 4 . 2 .  P i x t u r i n g .  The j o i n t s  t o  be w e l d e d  s h a l l  be pos i t i oned  t o  provide  proper  
alignmenl;, match of p a r t s ,  and root opening.  
more than  20% of t h e  t h i n n e r  s e c t i o n  be ing  jo ined  or 1/16 inch ,  whichever i s  less .  

The j o i n t  edges  s h a l l  n o t  be misal-fg-nod 

3 .4 .2 .1 .  F i x t u r e  Materials.  The f i x t u r e  components t h a t  c o n t a c t  t h e  p a r t s  w i t h i n  4 
i nches  oi t h e  w e l d  j o i n t  s h a l l  be made o f  molybdenum, tungs t en ,  columbium, tan ta lum o r  
The i r  a l l o y s .  Non-ref rac tory  metals w i t h i n  0.10-inch o f  t h e  weld j o i n t  s h a l l  be 
s h i e l d e d  by r e f r a c t o r y  metals. 

3 . 4 . 2 . 2 .  F i x t u r e  C l e a n l i n e s s .  The f i x t u r e  s h a l l  be c l e a n  and f r e e  of s u r f a c e  contamina- 
t i o n .  

3 . 4 . 2 . 3 .  Tack W e l d s .  A f t e r  t h e  p a r t s  are  p rope r ly  p o s i t i o n e d ,  t a c k  w e l d s  may be used 
to ma in ta in  alignment d u r i n g  welding.  Tack w e l d s  s h a l l  have complete f u s i o n  and pene- 
t r a t i o n  t o  t h e  w e l d  j o i n t  root. 

3 . 5 .  Welding Procedures 

3 .5 .1 .  Q u a l i f i c a t i o n .  Welding s h a l l  be done u s i n g  equipment and materials which havc  
b e e n  q u a l i f i e d  pe r  paragraQh 4 . 3 .  

G d  4 



3 . 5 . 2 .  Welding Chamber. P r i o r  t o  each welding c y c l e ,  t h e  welding chamber s h a l l  be evacuated 
t o  1 x t o r r  o r  b e t t e r  and heated to  a t  least  12Q'F f o r  a minimum of 4 hours .  A f t e r  
cool ing ,  t h e  vacuum s h a l l  be 1 x t o r r  o r  b e t t e r  be fo re  f i l l i n g  w i t h  i n e r t  gas  con ta in -  
ing  less  than  1 ppm each of oxygen and water vapor  by volume. Before removing t h e  
por t  cover p l a t e s ,  t h e  evacuat ion  l i n e  t o  t h e  g love  p o r t s  s h a l l  be c losed .  

3 . 5 . 3 .  Power Supply.  Direct c u r r e n t ,  s t r a i g h t  p o l a r i t y  power s h a l l  be used f o r  weld in  

3 . 5 . 4 .  Welding Atmosphere. Welding s h a l l  be conducted i n  an  i n e r t  
esceed 5 ppm osygen, 15 ppm n i t rogen ,  and 20 ppm moisture con ten t  (1 
i n  t h e  case  of components t o  c o n t a i n  l i t h i u m ) .  Moisture con ten t  s h a l l  be c o n t i n u o u ~ l y  
monitored. Oxygen and n i t r o g e n  con ten t  s h a l l  be determined p r i o r  t o  welding, a t  1 hour 
i n t e r \ , a l s  t h e r e a f t e r ,  and a t  t h e  completion of a l l  welding.  The c L i b r a t i o n  of the g 
and n i t r o g e n  a n a l y s i s  system shal l .  be checked be fo re  and a f t e r  t h e  weld ing  o p e r a t i o n  by 
comparison wi th  i n e r t  gas  having a known impur i ty  con ten t .  The response of t h e  m o i s t u r  
a n a l y s i s  system s h a l l  be checked du r ing  welding by comparison wi th  system performa 
recorded du r ing  chamber q u a l i f i c a t i o n  p e r  paragraph 4.3.3.  

3 - 5 . 5 .  Q u a . l i t y  Cont ro l  Specimens. P r i o r  t o  t h e  f i r s t  p i e c e  w e l d e d  and subsequent  t o  t h e  
i a . s t  p i ece  vieided i n  each i n e r t  g a s  environment,  weld bend specimens s h a l l  be prepared 
,vithour f i l l e r  wire  a d d i t i o n .  Each specimen s h a l l  be from 0.040 t o  0.080 inch  t h i e  
inch x i d e  (minimum), and 2 inches  long (minimum), w i t h  a l o n g i t u d i n a l  w e l d  bead about  
0 .25 inch w i d e .  

SOTE: These specimens s h a l l  be r e t a ined  by SPPS Qua l i ty  Con t ro l  f o r  subsequent  chemical  
a n a l y s i s ,  should an  i n v e s t i g a t i o n  of  welding contaminat ion be d e s i r e d .  

3 .5 .6 .  P rocess .  P recau t ions  s h a l l  be t aken  d u r i n g  welding t o  avoid contaminat ion  of  t h e  
ue ld  ineta1 by the  tungs t en  e l e c t r o d e .  The completed weldment s h a l l  remain i n  t h e  i n e r t  
g a s  environment u n t i l  i t  has  cooled below 400'F. 

3 . 5 . 7 .  Repai r ,  I n  r e p a i r  welding, t h e  w e l d  d e f e c t s  s h a l l  be removed by  chinin in 
f i l i n g ,  Grinding i s  p roh ib i t ed .  The area s h a l l  t hen  be rewelded, acco rd ing  t o  t h e  
requirements  of t h i s  s p e c i f i c a t i o n  and r e i n s p e c t e d .  

3.6.  Qua l i ty  Requirements 

3 .6 .1 .  General .  Weld d e p o s i t s  s h a l l  be reasonably  smooth and uniform i n  appearaace ,  
have complete f u s i o n ,  and blend smoothly i n t o  t h e  base  metal. The welded j o i n t s  s h a l l  
be examined v i s u a l l y  and by r ad iog raph ic  techniques ,  and s h a l l  be f r e e  of t h e  fo l lowing  
d e f e c t s  by  t h e s e  and any o t h e r  method of i n spec t ion :  

1. 
2. 
3. 
4 .  
5 .  
6 .  

7. 
8 .  
9. 

10. 
11. 
12. 

Cracks of any type or s ize  i n  t h e  weld and a d j a c e n t  base  metal, 
Cra te r  checks and c racks ,  
Surf ace  h o l e s ,  
Cold l a p s  i n  and a long  t h e  edge of  t h e  weld,  
Overlap of weld metal on t h e  base  metal, 
Undercut t ing  a long  t h e  edges of t h e  weld or depres s ion  of  t h e  w e l d  face 
below t h e  a d j a c e n t  base  metal, 
Weld  c r a t e r s ,  
Damage to  t h e  w e l d  metal by gaseous contaminants ,  
I n c o r r e c t  w e l d  p r o f i l e  and s ize ,  
Lack of complete (100%) j o i n t  p e n e t r a t i o n  i n  groove w e l d s ,  
IncQmplete f u s i o n  between w e l d  metal and/or  base  metal ,  
P o r o s i t y  i n  t h e  weld metal. 
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3 . 6 . 2 .  Groove Weld Reinforcement 

3 . 6 . 2 . 1 .  Weld reinforcement  on t h e  f a c e  s i d e  of t h e  j o i n t  s h a l l  no t  exc 
fo l lowing:  

Rase Metal Thickness 
( Inch )  

Height of Reinforcement (Maximum) 
( Inch )  

up t o  1 / 2  1/16 

Over 1 / 2  3/32 

3 . 6 . 2 . 2 .  Weld r o o t  re inforcement  s h a l l  not  be more t h a n  25% of t h e  tube  i n s i d e  diameter- 
based on averaging of t h e  d iameters  a t  90" i n t e r p r e t e d  from radiographs.  

3 . 6 . 3 .  F i l l e t  Weld Contour. The f a c e  of a f i l l e t  weld s h a l l  be a t  approximately equal  
a n g l e s  t o  t h e  s e c t i o n s  i t  j o i n s ,  u n l e s s  s p e c i f i c a l l y  noted o t h e r w i s e  on t h e  drawing. 
The weld f a c e  may be s l i g h t l y  convex, f l a t ,  o r  s l i g h t l y  concave. Convex welds s h a l l  
have a maximum convexi ty  of 0.1 S p l u s  0 , 0 3  inch where S i s  t h e  average l e n g t h  ( i n c h )  
o f  t h e  two l e g s  of t h e  f i l l e t  w e l d .  

3 . 6  -1. Tungs ten  I n c l u s i o n  L i m i t s  by Radiography 

3 . 6 . 4 . 1 .  The l a r g e s t  dimension of any s i n g l e  i n d i c a t i o n  s h a l l  n o t  exceed 0.010 -inch i n  
w e l d s  on m a t e r i a l  up t o  0 .10 inch t h i c k  and g r e a t e r  than  10% of t h e  metal  t h i c k n e s s  car 
0 .04  i n c h ,  whichever i s  l e s s ,  i n  m a t e r i a l  0.10 i n c h  t h i c k  and above. 

3 . 6 . 4 . 2 .  The spacing between ad jacent  tungs ten  i n c l u s i o n s  s h a l l  n o t  be less t h a n  t h r e e  
times t h e  metal  t h i c k n e s s .  

3 . 6 . 4 . 3 .  Yo more than  t h r e e  i n c l u s i o n s  i n  any one i n c h  of' weld l e n g t h  s h a l l  be a l l o w e  

4 ,  QUALITY ASSURANCE PROVISIONS 

4.1. Weld Inspec t ion  Procedures .  A l l  welded j o i n t s  s h a l l  be i n s p e c t e d  f o r  conformance 
t o  t h e  q u a l i t y  requirements  v i s u a l l y  and by rad iographic  techniques .  

4 . 2 .  Radiographic I n s p e c t i o n  

4 . 2 . 1 .  General  Method. Radiographic procedures  s h a l l  conform t o  ASTM E94-6 
"Tenta t ive  Recommended P r a c t i c e s  f o r  Radiographic Tes t ing" .  Radiographic q u a l i t y  
c o n t r o l  procedures  s h a l l  be t h o s e  d e s c r i b e d  i n  ASTM El42-64, "Cont ro l l ing  Q u a l i t y  of 
Radiographic T e s t i n g " ,  

4 . 2 . 2 .  Penetrameters .  Penetrameters  s h a l l  be used f o r  a l l  rad iographs  and t h e  pene- 
t rameter  image s h a l l  be employed to  determine t h e  rad iographic  q u a l i t y .  Penetrameter  
des ign  and m a t e r i a l  s h a l l  be i n  accordance w i t h  ASTNI E142-64. 

4 . 2 . 2 . 1 .  Penetrameter  Placement. Penetrameters  s h a l l  be employed as  r e q u i r e d  by 
A S n !  €142-64. Normally, t h e  penetrameter  i s  placed on t h e  s o u r c e  s i d e  of t h s  weldnient. 
Khen i t  i s  not  p r a c t i c a l  t o  p l a c e  t h e  penetrameter  on t h e  s e c t i o n  being examined, an 
i n  t h e  p lane  normal t o  t h e  r a d i a t i o n  beam, i t  may be p o s i t i o n e d  o n  a block of rad io-  
g r a p h i c a l l y  s i m i l a r  m a t e r i a l  placed a s  c l o s e  a s  p o s s i b l e  t o  t h e  a r e a  being r a d i o g r a p  
The block s h a l l  be t h e  same t h i c k n e s s  a s  t h e  t o t a l  weld t h i c k n e s s ,  and i t  s h a l l  be 
p laced  so t h a t  t h e  penetrameter  i s  a t  t h e  same d i s t a n c e  from t h e  f i l m  as i f  i t  were 
p laced  on t h e  source  s i d e  of t h e  weld j o i n t  being radiographed.  
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i n  p ipe  o r  tub ing ,  t h e  t h i c k n e s s  of t 
t o t a l  t h i c k n e s s  of m a t e r i a l  we tween t 

4 . 2 . 3 .  Weld Surface  P r e p a r a t i o n .  c e s s i b l e  s u r  
necessary  so t h a t  v a l l e y s  between b d s ,  weld r i p  
a r e  blended so t h a t  r ad iog raph ic  c o n t r a s t  due t o  s u r f  
confused wi th  t h a t  of any  d e f e c t ,  

4 . 2 . 4 .  Pipe  and Tube J o i n t s .  Welds i n  p i  and t u b e  of 3 i n c ~ ~ ~  
radiographed by t h e  double  w a l l  t x h n i q u e  t h e  weld zones in e 
acceptance .  A m i n i m u m  of two rad:o 11 be  t aken  90" t o  e 
i n  p i p e  or t u b e  having an O.D. la.-ger than  3 i n c h e s ,  o 
f i l m  s h a l l  be  viewed f o r  acceptan:e. A m i n i m u m  of fou 
t o  each o t h e r .  

4 . 2 . 5 .  Source to Film Distance. inimum recommended r a d i a t i o n  source to  
( i n c h e s )  i s  t h a t  c a l c u l a t e d  by .he fo l lowing  f o m l a :  

d = 2 . 5  F t  
0 

where 

F = maximum effect.Lre r a d i o i s o t o p e  source  o r  f o c a l  s p o t  dimensio 
t = weld t h i c k n e s s ,  o r  p i p e  o r  t ube  Q.D. i nches  

Where a gap e x i s t s  between thc  weldment and t h e  f i l m  h o l d e r ,  t h e  minimum ~~~~~ 

d i s t a n c e  should be inc reased  :y t h e  r a t i o  o f :  

t + gap 
t 

4 . 2 . 6 .  Radiographic Q u a l i t /  Level .  The r a d i o g ~ ~ p h i c  q u a l i t y  l e v e l  s h  
as def ined  by ASTM E142-64. 

.. I_ 

4.2 .7 .  .ographs.  The r ad iog raphs  s h a l l  be examine 
and f o r  unacceptab le  weld d e ! ' x t s  desc r ibed  i n  S e c t i o n  3 . 6 .  F i n a l  i n t e r  
radiographed welds f o r  confc..mance t o  q u a l i t y  requi rements  i s  reservbd by the a 
E l e c t r i c  Company. 

4 . 2 . 8 .  I d e n t i f i c a t i o n  of  Reliograph Fi lms ,  A system of p o s i t i v e  i d e n t i f  e 
f i l m  shall b e  used .  
t h e  r eco rds  accompanyin 

The fo3'lowing informat ion  s h a l l  appear  (bn each ~a~~~ 

1. Organiza t ion  making t h e  r a d i o g r a ~ h ,  
2 ,  Date of exposure,  
3 .  I d e n t i f i c a t i o n  of ( a )  t h e  corn ssembly drawin sI (b) t h e  w 

, and ( c )  t h e  viewing d i r e ~ t i o n ~  

4.2.9, D i s p o s i t i o n  of Radiographs. Radiographs of weldments s h  t 
SPPS Q u a l i t y  Cont ro l  f o r  f i l i n g .  

4 . 3 .  Q u a l i f i c a t i o n  of Weldin Equipment and 

4 . 3 . 1 ,  App l i ca t ion .  Before weldin actual columbium o r  tan ta lum a l l o y  p 
components, new welding quipment and i n e r t  8 chambers s h a l l  be q ~ ~ l ~ ~ ~ ~  
de s c ri bed below . We 1 d i n  equipment t h a t  has o t  been used for wsldin  
tan ta lum a l l o y s  t o  t h i s  s p e c i f i c a t i o n  f o r  a 
r e q u a l i f  i ed . 117 



4 '3 .3 .  Chamber and Tool ing ,  The weld ~ ~ ~ m b ~ ~ ~  l o v e s ,  a t t e n d a n t  equipm 
monitors s h a l l  be se t -up  as f o r  weldia?g with l o v e  po r t  cove s removed a f t e r  ~ a c ~ ~ i l  
The sys t em s h a l l  be c ated for a ~ ~ i ~ i m u m  of 
sys t em response  and a a te .  Weld spe  
be prepared a t  t h e  end of t h e  5 hou 
o p e r a t i o n  t h e  i n e r t  as s h a l l  be an 
paragraph 3,5.4, 

4 . 3 . 4 .  I n e r t  Gas Analys is  System, Near t h e  end 0% t h e  %-hour t es t  a a f t e r  vreld%ns, 
specimeris  of paragraph 4 , 3 , 5 ,  ~ ~ ~ ~ o ~ ~ ~ a ~ ~ ~ y  

__l__n__ 

water vapor i m p u r i t i e s  shall be s u ~ d ~ n ~ y  isatro 
moni tor ing  system response.  

4 . 3 . 5 .  Weld Specimen P r e p a r a t i o n ,  A f u l l  p e n e t r a t i o n  f u s i o n  pass s h a l l  be m a  
samples of t h e  a p p r o p r i a t e  a l l o y  d u r i n ~  t h e  equi  a l i f l c a t i o n ,  Welding p 
s h a l l  be i n  accordance wi th  t h e  req  on 3 ,  The material t h i c  
be approximately The same a s  t h e  pa i t h  a  maxim^ t h i c k n e s s  E' 
of I/$ i nch .  Each specimen 11 be 2.5 inches  
i n  wid th .  Both specimens sh t h e  f i v e  hour run, bu t  b e f o r  
a n t  e n t  ionalb contan i ina t ion ,  

4 .3 .6 .  Bend T e s t s .  One weld s p  
These tests s h a l l  g e n e ~ a l l y  be p 
to  t h e  base  m e  a1 t h i c k n e s s .  I f  

from t h e  Gener 
d u c t i l i t y  c h a r  c t e r i s t i c s ,  appro E 

4.3.6.1.  Bend Specimen. One weld ~ ~ e c i m  5 i n c h e s  l o n  
0.915 i n c h  w i d e  (minimum). The w i t h i n  t h e  spe 

r a l l e l  t o  t h e  long dim o t  of t h e  we1 
removed be fo re  t e s t i n g ,  

on a n  anvi 

s h a l l  be bent  

and each ha l f  bend t e s t e d .  

4 . 3 . 6 . 3 .  Eva lua t ion .  A l l  t h r e e  b 11 be examined f o r  c t 
a m a g n i f i c a t i o n  of 10X and s h a l l  e o f  c rack ing .  

4.3.7. Chemical Analyses. Chemical ana lyses  of t he  p a r e n t  metal  and weld metal for 
oxygen, n i t r o g e n ,  hydrogen, and carbon s h  e from t h e  second weld specimen. 
a n a l y s e s  s h a l l  be by vacuum f u s i o n  t e c h n i  ues  and t h e  carbon s h a l l  be d e t e ~ i n e d  by  the 58 



analytical results. 
+ Carbon - 10 PPm 

Oxygen + 
I 30 PPm 
+ 
+ 

Ni t rogen i 

Hydrogen - 
4.3.8. Qualification Report. SP ality Control ah t 
qualification tests. 

4.4. Rejection of Wel~ents. W e l ~ e n t ~  nent s not conf o 
tion shall be rejected, 

4 . 5 ,  Reports. A report shall be su~itted with the finish 
t h e  information, but not necess rily the format, of 
prepared for each weldin 

NOTE: These reports shall be retained by SPPS lity Control, should su 
evaluation be desired. 

I 

I 

5. PREPARATION FOR DELIVERY. N o t  applicable. 

6 ,  DEFINITIONS 

6.1. Welding Symbols. Interpretation and meaning of w e  
drawings and specifications are those in AWS A2.0 -58 ,  "S 
unless specifically delineated otherwise in the drawings and specifications. 

6 . 2 .  Welding Terminology, Weldin terms in this specification are defi 
A3.0-61. 
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E X H I B I T  1 

(3 )  Chamber V a c u u m ,  a e 
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LOOP WELDING CHAhlBER QUALIFICATION RESULTS AS PER SPECIFICATION 03-0025- 
0 0 - A  (Par .  4.37 Appendix A) September 21, 1968 

4 .3 .2  

4 . 3 . 3  

4.3.4 

Gloves - (Neo-Sol) mi l l ed  neoprene, s u l f u r  f ree  g loves  showed no 

d i s c o l o r a t i o n  of copper du r ing  bake-out of weld chamber. 

Chamber and Tooling - The atmosphere deg rada t ion  r a t e  i s  g iven  i n  

. the Process  Con t ro l  Record shown i n  F i g u r e  23. 

I n e r t  Gas A n a l y s i s  System - The moni tor ing  s y s t e m  response  was 

determined a s  f o l l o w s :  

A 500 c c  f l a s k  c o n t a i n i n g  a i r  a t  room tempera ture  was s e a l e d  

s h u t  and loaded i n t o  t h e  welding chamber. With a c a l c u l a t e d  

volume of 153 f t  

4.33 c m 3  of gas  f o r  1 ppm c o n c e n t r a t i o n .  

t h e  500 cc volume was e q u i v a l e n t  t o  90.2 ppm N 

The f l a s k  w a s  broken a t  t i m e  t = 0 and t h e  a n a l y s i s  f o r  N2 and 

0 was performed u n t i l  a c o n s t a n t  v a l u e  was reached. A per iod  

of 1 5  min. was necessa ry  f o r  a complete a n a l y s i s  (H through CO) 

but on ly  t h e  N2 and O2 peaks were of i n t e r e s t  and t h e  scan  w a s  

shor tened  t o  a pe r iod  of 8 minutes.  

3 3 (4.33 x lo6  e m  ) it  w a s  necessa ry  t o  add 

Correc ted  t o  STP, 

and 23.4 ppm 02. 2 

2 

2 

Oxygen 

The s y s t e m  response  t o  oxygen i s  shown i n  F i g u r e  24 .  The 

n e g a t i v e  va lues  of t i m e  a long  t h e  a b s c i s s a  i n d i c a t e  t h e  

oxygen l e v e l  of t h e  chamber fo l lowing  t h e  5 hour exposure 
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and j u s t  p r i o r  t o  breaking t h e  I ' lask.  As can  he seen  1'rom 

t h e  f i g u r e ,  bo th  d e t e c t o r s  were i n  good agreement. The 

average  oxygen va lue  was s l i g h t l y  less than  23.0 ppm a s  

compared t o  t h e  c a l c u l a t e d  23.4  ppm i n t r o d u c e d .  The s y s t e m  

response  t i m e  w a s  g r e a t e r  t han  0.25 min bu t  less than  8 . 0  min. 

N i  t rogen 

The s y s t e m  response  t o  n i t r o g e n  i s  shown i n  F igu re  25. The 

i o n i z a t i o n  d e t e c t o r  and thermal c o n d u c t i v i t y  c e l l  were i n  

c l o s e  agreement a t  t h e  lower n i t r o g e n  l e v e l s  bu t  dev ia t ed  a t  

t h e  h i g h e r  n i t r o g e n  l e v e l s .  Subsequent a n a l y s i s  ol' c a l i b r a t i o n  

mixtures  wi th  h igh  n i t r o g e n  l e v e l s  (approximate ly  100 ppm) 

i n d i c a t e d  t h a t  t h e  thermal c o n d u c t i v i t y  c e l l  c o n s i s t e n t l y  

i n d i c a t e  lower than  t h e  i o n i z a t i o n  d e t e c t o r .  The i o n i z a t i o n  

d e t e c t o r  i n d i c a t e d  approximately t h e  90.2 ppm of n i t r o g e n  

which was added. The i n d i c a t e d  86.3 ppm n i t r o g e n  i s  an  

e r r o r  of about 3.5 percen t .  The s y s t e m  response  t i m e  was 

g r e a t e r  than  0.25 min but  less than  8.0 min. 

Water 

The s y s t e m  response  Lo w a t e r  vapor i s  shown i n  F igu re  26. 

Liquid w a t e r  was  vaporized i n  approximately 30 s w s .  U c c n i i s c  

of t h e  apparent  low w a t e r  vapor r ead ings  d u r i n g  t h e  e n t i r e  

q u a l i f i c a t i o n  test, t h e  Panametrics probe #688, used du r ing  

t h e  a n a l y s i s ,  was removed from t h e  chamber and subsequent ly  
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c a l i b r a t e d  a g a i n s t  a gas  of known mois tu re  c o n c e n t r a t i o n  

(48 ppm H20). 

was determined and t h e  water vapor r ead ings  were c o r r e c t e d .  

A c a l i b r a t i o n  f a c t o r  (2.68 x Meter Reading) 

A t  a l a t e r  d a t e ,  a new probe (bf4349) was run  s imul taneous ly  

wi th  probe #688 i n  a helium atmosphere 01 d e c r e a s i n g  mois ture  

c o n c e n t r a t i o n .  F i g u r e  27 shows t h a t  t h e  c a l i b r a t i o n  curve ,  

e s t a b l i s h e d  us ing  t h e  new Panametrics probe #688, d e v i a t e s  

from t h e  t r u e  moi s tu re  reading  by about 6 ppm water  vapor 

and always r eads  lower than  t h e  t r u e  moi s tu re  i n d i c a t i o n .  

The s t anda rd  gas (48 ppm water  vapor) was r ead  w i t h  probe 

#688 and t h e  i n d i c a t e d  va lue  of moi s tu re  l e v e l  was e x a c t l y  

t h a t  p r e d i c t e d  by t h e  c a l i b r a t i o n  curve.  Two p o s s i b l e  ex- 

p l a n a t i o n s  e x i s t  f o r  t h e  r e l a t i v e l y  low w a t e r  vapor va lue  

(22 or 28 ppm) o b t a i n e d  when t h e  water  v i a l  (48.3 ppm water 

vapor) was broken. I t  i s  p o s s i b l e  t h a t  a l l  t h e  water  was 

not  removed from t h e  v i a l  and vapor ized  o r  i t  i s  p o s s i b l e  

t h a t  t h e  chamber, being very dry  wi th  a very l a r g e  amount of 

s u r f a c e  a r e a ,  absorbed moi s tu re  r e a d i l y .  The system response  

t i m e  was g r e a t e r  t han  0.5 min but  less  than  7 .0  min. 

4 . 3 . 5  Weld Specimen P r e p a r a t i o n  - Three weld specimens were prepared  

of T-111 s h e e t ,  0.040 i n c h  t h i c k  x 3 i n c h  x 1 i n c h  (MCN 02B-010). 

4 .3 .6  Bend T e s t s  - Three bends were made a s  r e q u i r e d ,  u s i n g  a 1/32--inch 

r a d i u s  t i pped  wedge. A l l  t h r e e  bends showed no v i s u a l  c r acks  

a f t e r  105" bend. 
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4.3.7 Chemical Analys is  

Weld Specimen Fusion Zone: Oxygen 

Nitrogen 

Hydrogen 

Carbon 

Parent Metal  (As-Received): Oxygen 

N i  t rogen 

Hydrogen 

Carbon 

MCN 02B-010-1 

77, 75 ppm 

10, 11 ppm 

1, 1 PPm 

21, 32 ppm 
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A t  t n  : L i b r a r i a n  

Union Carbide Nuclear Company 
P .  0. Box X 
Oak  Ridge, Tennessee 37831 
At tn :  X-10 Labora tory ,  

R e  cords  D e  p a r tmen t (2 ) 

F a n s t e e l  M e t a l l u r g i c a l  Corpora t ion  
N o r t h  Chicago, I l l i n o i s  
A t tn :  L i b r a r i a n  

Na t iona l  Research Corpora t ion  
405 I n d u s t r i a l  P l a c e  
Newton, Massachuse t t s  
A t t n :  L i b r a r i a n  

Universa l  C Y C ~ O Q S  S t e e l  Corpora t ion  
B r i d g e v i l l e ,  Pennsylvania  
At tn :  C ,  P ,  Mueller 

L o s  Alamos S c i e n t i f i c  Laboratory 
Un ive r s i ty  of  C a l i f o r n i a  
L o s  Alamos, N e w  Mexico 
At tn :  L i b r a r i a n  

Lockheed Georgia Company 
Div i s ion ,  Lockheed A i r c r a f t  Company 
Marietta, Georgia 
A t t n :  L i b r a r i a n  

TRW, Inc.  
TRW Systems Group 
One Space Pa rk  
Redondo Beach, C a l i f o r n i a  90278 
A t t n :  D r  e H ,  P Silverman 

Sandia Corpora t ion  
Aerospace Nuclear  S a f e t y  Div i s ion  
Sandia B a s e  
Albuquerque, New Mexico 87115 
At tn :  A.  J .  C la rk  (3) 

L i b r a r i a n  
James Jacob  

Varian Assoc ia t e s  
Vacuum Produc t s  D iv i s ion  
611 Hansen Way 
P a l o  A l t o ,  C a l i f o r n i a  
A t t n :  L i b r a r i a n  


